Abstract. Current trends in system engineering combine modeling, composition and verification technologies in order to harness their ever growing complexity. Each composition operator dedicated to a different modeling concern should be proven to be property preserving at assembly time. These proofs are usually burdensome with repetitive aspects. Our work 1 targets the factorisation of these aspects relying on primitive generic composition operators used to express more sophisticated language specific ones. These operators are defined for languages expressed with OMG MOF metamodeling technologies. The proofs are done with the Coq proof assistant relying on the Coq4MDE framework defined previously. These basic operators, Union and Substitution, are illustrated using the MOF Package Merge as a composition operator and the preservation of model conformance as a verified property.
Introduction and Motivation
Safety critical systems are getting more and more complex and software intensive while the safety rules are more and more stringent (e.g. ). Several technologies are playing a key role to tackle these issues.
First, Model-Based Systems Engineering (MBSE) relying on Model Driven Engineering (MDE) [7] promotes the use of models at the various development phases, composition operators and model transformations to automate parts of the development. Models are abstract specifications of the various system concerns/aspects that are usually purpose oriented and allow early Validation and Verification (V & V) (e.g. the new DO-331 standard [40] ).
Then, formal methods allow the assessment of the completeness and consistency of specification models, and of the correctness of design models and implementations with respect to specification models. Their mathematical nature provides high level of confidence in their result (e.g. the new DO-333 standard [39] ).
In order to benefit from these technologies and avoid doing all the V & V activities on the final system, safety standards require the associated process, methods and tools to be qualified (e.g. the new DO-330 standard: Software Tool Qualification Considerations that adapts the DO-178C to the development and the verification tools [42] ). These qualification activities are very costly and can benefit from the use of formal methods relying on the DO-333 standard [39] .
To ease the integration of formal specification and verification technologies, some of the authors proposed in [44] a formal embedding of some key aspects of MDE in Set Theory. This embedding was then implemented using the Calculus of Inductive Construction [15] and the Coq 2 proof-assistant. This framework called Coq4MDE 3 provides sound mathematical foundations for the study and the validation of MDE technologies. The choice of constructive logic with type theory as formal specification language allows to extract prototype tools from the executable specification that can be used to validate the specification itself with respect to external tools implementing the MDE principles (for example, in the Eclipse 4 Modeling Project). We proposed in [25] an extension of Coq4MDE to support the Invasive Software Composition (ISC) [1] style. We then experimented the design of formalized primitive operators and their use to ease the implementation, and especially the proof of correctness of the ISC operators and other high level ones. This contribution specifies and assesses the properties of the primitive composition operators Union and Substitution that can be used to specify higher level composition operators sharing parts of their implementation and associated properties. The assessed property is the conformance of models to metamodels which is mandatory for all model composition operators. Our proposal is illustrated by the use of these primitive operators to specify and prove the MOF (Meta Object Facility) [32] Package Merge. Other sophisticated composition operators like ISC (adaptation and glueing) [1] [20] and aspect weaving [29] can also be built from these primitive ones, and their proofs of conformance preservation are also built from the ones of primitive operators. One key point is the use of property specific contracts (pre and post conditions) for the composition operators in order to ensure compositional verification.
This contribution is structured as follows. First, the concepts and an example for a targeted high level operator and the expected properties are given in Section 2. Then, Section 3 presents the formal support for the Coq4MDE framework that is extended to handle the definition of the primitive composition operators associated with the proofs of property preservation. Then, some use cases are provided in Section 4. Related work are given in Section 5. Finally, conclusion and perspectives are provided in Section 6.
